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PREFACE 


This atlas grew out of the seeds of discontent of a teacher attempting to enable medical students to understand the 
neuroanatomical framework of the human brain, the central nervous system. As a teacher, it is my conviction that each 
slide or picture that is shown to students should be accompanied by an explanation; these explanations formed the basis 
of an atlas. Diagrams were created to help students understand the structures and pathways of the nervous system and 
each illustration was accompanied by explanatory text, so that the student could study both together. 

The pedagogical perspective has not changed over the various editions of the atlas as it expanded in content, but 
the illustrations have evolved markedly. They changed from simple artwork to computer-based graphics, from no color 
to 2-color, to the present edition in full color. The illustrations now include digital photographs, using carefully selected 
and dissected specimens. 

Most of the diagrams in the atlas were created by medical students, with artistic and/or technological ability, who 
could visualize the structural aspects of the nervous system. These students, who had completed the basic neuroanatomy 
course, collaborated with the author to create the diagrams intended to assist the next generation of students to learn 
the material more easily and with better understanding. I sincerely thank each of them for their effort and dedication 
and for their frequent, intense discussions about the material (please see the acknowledgements). They helped decide 
which aspects should be included in an atlas intended for use by students early in their career with limited time allotted 
for this course of study during their medical studies. 

This atlas has benefited from the help of colleagues and staff in the department of which I have been a member for 
over 30 years, and from professional colleagues who have contributed histological and radiological enhancements, as 
well as advice. Their assistance is sincerely appreciated. 

The previous edition of this atlas included a CD ROM containing all the images in full color. At that time, few texts 
had such a learning companion. It is to the credit of CRC Press that they were willing to accept the idea of this visual 
enhancement as an aid to student learning. The CD-ROM accompanying this new edition of the atlas, thanks to another 
student, employs newer software that allows the creative use of “rollover” labeling, and also adds animation to some 
of the illustrations (please see the User’s Guide). 

A final comment about the word “functional” in the title is appropriate. The central nervous system, the CNS, is a 
vast, continually active set of connections, ever-changing and capable of alteration throughout life. The orientation of 
the written text is to describe both the structural aspects of the CNS and the connections between the parts, and to 
explain the way those structures of the brain operate as a functional unit. In addition, there are clinically relevant 
comments included in the descriptive text, where there is a clear relation between the structures being described and 
neurological disease. 

No book could be completed without the support and encouragement of the people who are part of the process of 
transforming a manuscript to a published work, from the publisher and the project editor, to the technical staff that 
handles the illustrations, to the proofreaders and copyeditors who work to improve and clarify the text. Each individual 
is an important contributor to the final product, and I wish to thank them all. 

I sincerely hope that you, the learner, enjoy studying from the Atlas of Funtional Neuroanatomy and its accompanying 
CD-ROM, and that the text and illustrations, along with the dynamic images, help you to gain a firm understanding of 
this fascinating, complex organ—the brain. 


Walter J. Hendelman, M.D., C.M. 
Ottawa, Canada 
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USER’S GUIDE 


COLOR CODING 


Color adds a significant beneficial dimension to the learn- 
ing of neuroanatomy. The colors have a functional role in 
this atlas, in that they are used consistently for the pre- 
sentation of sensory, motor, and other components. The 
following is the color coding used in this atlas, as shown 
on the opposite page: 


Sensory (nuclei and tracts) 
Dorsal Column — Medial 
Lemniscus 


Cobalt Blue 


Anterolateral System (Painand Deep Blue 
Temperature) 

Trigeminal Pathways Purple 

Special Senses (Audition, Violet 
Vision, Taste) 

Reticular Formation Yellow 


Motor (nuclei and tracts) 


Voluntary Cadmium Orange 
Parasympathetic Orange 
Other Motor (e.g. visual motor) Light Red 


Vestibular (nuclei and tracts) 


Lime Green 


Cerebellum (nuclei and tracts) Turquoise 
Special Nuclei: 

Substantia Nigra Brown 
Red Nucleus (and tract) Red 
Other (e.g., area postrema) Peach 


For students who enjoy a different learning approach, 
a black and white photocopy of the illustration can be 
made and then the color added, promoting active learning. 

Some students may wish to add color to some of the 
airbrush diagrams, including the basal ganglia, thalamus, 
and limbic system. 


REFERENCE TO OTHER FIGURES 


Reference is made throughout the atlas to other illus- 
trations that contain material relevant to the subject 
matter or structure being discussed. Although this may 
be somewhat disruptive to the learner reading a page of 
text, the author recommends looking at the illustration 
and the accompanying text being referenced, in order 
to clarify or enhance the learning of the subject matter 
or structure. 
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CLINICAL ASPECT 


Various clinical entities are mentioned where there is a 
clear connection between the structures being discussed 
and a clinical disease, for example, Parkinson’s disease 
and the substantia nigra. In Section C, the vascular ter- 
ritories are discussed and the deficits associated with 
occlusion of these vessels is reviewed. Textbooks of 
neurology should be consulted for a detailed review of 
clinical diseases (see the Annotated Bibliography). Man- 
agement of the disease and specific drug therapies are 
not part of the subject matter of this atlas. 


ADDITIONAL DETAIL 


On occasion, a structure is described that has some 
importance but may be beyond what is necessary, at this 
stage, for an understanding of the system or pathway 
under discussion. In other cases, a structure is labeled in 
an illustration but is discussed at another point in the 
atlas. 


DEVELOPMENTAL ASPECT 


For certain parts of the nervous system, knowledge of 
the development contributes to an understanding of the 
structure seen in the adult. This is particularly so for the 
spinal cord, as well as for the ventricular system. Knowl- 
edge of development is also relevant for the cerebral 
hemispheres, and for the limbic system (i.e., the hippoc- 
ampal formation). 


NOTE TO THE LEARNER 


This notation is added at certain points in the text when, 
in the author's experience, it might be beneficial for a 
student learning the matter to review a certain topic; in 
other cases there is a recommendation to return to the 
section at a later stage. Sometimes, consulting other texts 
is suggested. Of course, this is advice only, and each 
student will approach the learning task in his or her own 
way. 


THE CD-ROM 


The CD-ROM adds another dimension to the learning 
process. Ideally, the student is advised to read the text, 
using both the text illustration and the illustration on the 
CD. In addition, animation has been added to certain 
illustrations, such as the pathways, where understanding 
and seeing the tract that is being described, along with the 


relays and crossing (decussation), can hopefully assist the name of the structure is seen when the cursor is on the 
student in developing a 3-dimensional understanding of | area, or when the cursor is over the label, the named 
the nervous system. structure is highlighted in the illustration. 

Labeling of structures on the CD-ROM has been 
accomplished using “rollover” technology, so that the 
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FOREWORD 


We are about to embark on an amazing and challenging 
journey — an exploration of the human brain. The com- 
plexity of the brain has not yet been adequately described 
in words. The analogies to switchboards or computers, 
although in some ways appropriate to describe some 
aspect of brain function, do not do the least bit of justice 
to the totality. The brain functioning as a whole is infinitely 
more than its parts. Our brains encompass and create a 
vast universe. 

In the past decade we have come to appreciate that 
our brains are in a dynamic state of change in all stages 
of life. We knew that brain function was developing 
throughout childhood and this has been extended into the 
teen years, and even into early adulthood. We now are 
beginning to understand that the brain has the potential to 
change throughout life, in reaction to the way we live and 
our personal experiences in this world. The generic term 
for this is plasticity, and the changes may significantly 
alter the connections of the brain and its pattern of “pro- 
cessing” information, whether from the external world, 
from our internal environment, or from the brain itself as 
it generates thoughts and feelings. 


ORGANIZATION 


The Atlas is divided into four sections, each with an intro- 
ductory text. The focus is on the illustrations, photographs, 
diagrams, radiographs, and histological material, accom- 
panied by explanatory text on the opposite page. 


Section A:The Atlas starts with an Overview of the var- 
ious parts of the central nervous system, the CNS. Then 
we embark on an Orientation to the structural compo- 
nents of the CNS, and this is presented from the spinal 
cord upward to “the brain”; additional material on the 
spinal cord is added in other parts of the Atlas. Radio- 
graphic images have been included, because that is how 
the CNS will be viewed and investigated in the clinical 
setting. 


Section B: The second section, Functional Systems, uses 
these structural components to study the sensory ascend- 
ing pathways (Part I), and the various motor descending 
tracts (Part III), from origin to termination. Interspersed 
between them is a discussion of the Reticular Formation 
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(Part II), which has both sensory and motor aspects. 
Included as part of the motor systems are the major con- 
tributors to motor function, the basal ganglia and the cer- 
ebellum. 


Section C: The third section, Neurological Neuroanat- 
omy, includes a neurological orientation and detailed neu- 
roanatomical information, to allow the student to work 
through the neurological question: Where is the disease 
process occurring (i.e., neurological localization)? 
Because vascular lesions are still most common and relate 
closely to the functional neuroanatomy, the blood supply 
to the brain is presented in some detail, using photographs 
with overlays. The emphasis in this section is on the brain- 
stem, including a select series of histological cross-sec- 
tions of the human brainstem. In addition, there is a sum- 
mary of the spinal cord nuclei and tracts, along with a 
histological view of levels of the human cord. 


Section D: The section on the Limbic System has once 
again been revised. New photographs of limbic structures 
enhance the presentation. This material is sometimes 
taught within the context of other systems in the curricu- 
lum. 


ANNOTATED BIBLIOGRAPHY 


Students may wish to consult more complete texts on the 
anatomy and physiology of the nervous system, and cer- 
tainly some neurology books concerning diseases of the 
nervous system. A guide to this reference material is 
included, with commentary, as an annotated bibliography, 
with an emphasis on recent publications. Added are sug- 
gestions for material available on CD-ROM, as well as 
the Internet. Students are encouraged to search out addi- 
tional (reliable) resources of this nature. 


GLOSSARY 


Much of the difficulty of the subject matter is the termi- 
nology — complex, difficult to spell, sometimes inconsis- 
tent, with a Latin remnant, and sometimes with names of 
individuals who have described or discovered structures 
or disease entities, used often by neurologists, neurosur- 
geons, and neuroradiologists. A Glossary of terms is 
appended to help the student through this task. 


